tailing piles, however, contain most of the radionuclide species produced in the uranium decay chain as well as varying amounts of toxic chemicals present in the ore (e.g., heavy metals) or used in the extraction process (1) . Through the tailings, radionuclides and toxic chemicals become more available for dispersal through hydrologic and atmospheric processes than in the original underground ore. An earlier investigation of the Karnes County Susquehana mine reported radioactive contamination of soil and water in areas beyond the mining sites (2) . The tailings also release radon gas into the environment. For example, a 1987 survey (3) reported that Radioactive contour lines, as indicated from the charts, ranged from 170 to 370 cps in the reference area. These background radiation levels in the reference areas were similar to those areas inhabited by our target population. From our survey of the reference area, 137 dwellings were located. Residents were interviewed using procedures described earlier.
Selection ofsubjects. Enrollment in this study was restricted to nonsmokers who had never worked in the uranium industry, had not been exposed to radiographic procedures to soft tissues such as brain and abdominal scans, and had not undergone radiotherapy or chemotherapy with potent cytotoxic drugs. Inclusion in the target group was restricted to individuals who had resided in the uranium mining target area for 10 or more years. Inclusion in the reference group was restricted to individuals who had never resided in any of the uranium mining areas that we were able to identify. We also eliminated heavy drinkers from both the target and reference populations (daily consumption of more than two shots of hard liquor or four cans of beer) and matched reference and target subjects on age (±7 years) and gender.
We selected 154 residents (73 targets and 81 references) for interview. Among the target subjects, 10 refused to participate and 30 were ineligible based on our selection criteria. This left 33 qualified target individuals for our laboratory study. Among the 81 reference individuals, 17 refused to participate and 25 were disqualified. This left 39 qualified residents for our study. Although blood samples were collected from all of the qualified participants, only 24 pairs met our matching criteria. Due to the limited number of residents in the target area, the matching age was set at ±7 years. However, 19 out of 24 pairs were matched at ±4 years.
Radon monitoring. Residential radon levels were measured by placing radon canisters in the homes of reference study subjects for 2-3 days during early spring of 1991. Exposed canisters were shipped to
the Radon Testing Corporation of America (New York) for analysis. We did not monitor homes in the target areas because they have been monitored routinely by the Texas Department of Health.
Radon levels in the houses of both the target and reference subjects ranged from 0.1-2.1 pCi/L air. These levels are well below the EPA established action levels of 4 pCi/L. The levels did not differ between target and reference homes.
Blood specimen and cytogenetic assay. Six to eight matched individuals were asked to donate blood samples each week. The collected samples were coded and sent by airline for same day delivery to our laboratories in Galveston, Texas.
Lymphocyte-enriched cultures (from buffy coat) were set up according to the procedure of Au et al. (4) . The culture medium was made up of RPMI (Roswell Park Memorial Institute) 1640 medium (Gibco) supplemented with 10% heatinactivated fetal bovine serum, 10% autologous plasma, 2% phytohemagglutinin (Wellcome, reagent grade, 9 mg/mL), 1% glutamine (stock concentration 10,000 U and 10,000 pg/mL, respectively), and 1% sodium heparin (stock concentration 1000 USP/U/mL). The cells from each donor and 25 mL of the culture medium were combined and mixed in a 50-mL sterile tube and then dispensed equally into five culture tubes. Three of the five tubes were unirradiated and used for the cytogenetic assay to determine the frequencies of chromosome aberrations. At 24 hr after initiation of cultures, one of the remaining two cultures was irradiated with 100 cGy of yrays, and the last one was irradiated with two doses of y-rays ( scored  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  425  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200  200  600  200 bFrom parametric and nonparametric analysis of variance (see text for details).
CFrom paired t-test (see text for details).
The mean age of the target and reference groups were 46.7 and 45.8 years, respectively. The age ranges for the two groups were 19-71 and 23-71, respectively. The mean age and the range of ages for both populations are similar.
Our criteria required that the target residents live in the uranium belt continuously for more than 10 years and that the reference residents did not live near any uranium-mining areas during the last 10 years. The mean and range of residency data as shown in Tables 1 and 2 are consistent with our criteria. Statistical analysis of the demographic data indicates that the average and distribution of age, gender, and duration of residence are similar for the two groups. Tables 1 and 2 show the cytogenetic data for each subject from the target and reference populations. The measured chromosome abnormalities are classified into three categories: percentage of aberrant cells, which represents the frequency of cells having any type of chromosome aberrations; deletions/100 cells, which contains the rate of chromosome-type deletions (excessive acentric fragments); and dicentrics/100 cells, which contains the rate of dicentric chromosomes.
A summary of the cytogenetic data is shown in Table 3 Analyses of the cytogenetic data were conducted using both parametric and nonparametric analysis of variance methods for independent samples to compare statistically the average abnormality frequencies in the target and reference groups of residents. The results from both analyses were consistent with each other. For spontaneous chromosome aberrations, there were no significantly increased frequencies of aberrant cells, dicentrics, and deletions. Table 3 . The data show that the target group has a higher mean frequency of total aberrations and deletions but lower mean frequency of dicentrics than the reference group. The differences were not significant (p= 0.12, 0.07, and 0.06, respectively). The data from the challenge assay show that the study group had more problems in the repair of DNA damage which produced more total aberrations and deletions than the reference group (pvalues range from 0.032 to 0.0004).
Discussion
Few studies have been conducted using biomarkers to monitor populations (residents) exposed to toxicants from disposal sites. Heath et al. (8) reported a lack of increased chromosome aberrations in persons living near Love Canal. Perera et al. (9) and Lakhanisky et al. (10) reported increased sister chromatid exchanges in persons exposed to chemicals. To our knowledge, we are the first to report biomonitoring of a population who may have been exposed to toxicants such as radioactive particulates, radon, and heavy metals from uranium mining operations. Exposure to elevated levels of residential radon has been reported to be associated with an increase of gene mutation in peripheral lymphocytes of residents (11) .
Exposure to environmental toxicants can cause DNA damage, leading to DNA repair problems. For example, lymphocytes from leukemia patients had reduced o6_ alkylguanine-DNA-alkytransferase activites after receiving methylating agents for therapy (12) . Occupational exposure to toxicants caused hospital workers and tire-storage workers to be defective in the same repair enzyme (13) . Lymphocytes from smokers and drug addicts have altered unscheduled DNA synthesis after in vitro challenge with UV-light or 2-acetylaminofluorene (14) (15) (16) . In a series of cytogenetic challenge studies like ours, Hsu et al. (17) and Bondy et al. (18) used bleomycin, and Knight et al. (19) used X-rays in their challenge assay to detect abnormal cytogenetic response. They concluded from their studies that individuals with the abnormal response are defective in DNA repair and have an associated increased risk for cancer. We have found that cigarette smokers and butadiene workers have abnormal DNA repair responses as shown by our challenge assay (4, 20, 21) . In addition, the latter study revealed a significant correlation between abnormal repair and exposure to butadiene as shown by urine metabolite analysis, suggesting a cause-effect relationship (21) . Exposure to environmental toxicants can cause DNA repair problems, and our cytogenetic challenge assay can be used to identify exposure-related abnormal DNA repair response.
The results from our study, as shown in Tables 1-3, show that the target residents who reside nearby uranium mining activities have higher baseline frequencies of aberrant cells and chromosome-type deletions but lower dicentric frequency than the reference residents. These differences border on being statistically significant. Results from our challenge assay show that target residents have significantly higher frequencies of aberrant cells and chromosome deletions, indicating abnormal DNA repair response.
The data from both assays reinforce each other because increased abnormalities are often observed in the target group compared with the reference group. Our study indicates that the residents who live around uranium mining activities have exposure to hazardous agents. However, the exposure is below the level needed to Volume 103, Number 5, May 1995m cause a significant increase in chromosome aberrations as shown by our standard cytogenetic assay. Based on the sensitivity of the standard assay, the exposure level needed is of the order of maximum permissible occupational doses (22) . The exposure for the target population is, however, high enough to cause abnormal DNA repair response. Although the mechanism for induction of such response is not known, we suggest that the abnormality may be caused by mutation of genes which code for DNA repair enzymes or by blockage of repair processes on DNA (e.g., adducts) (20) . These possibilities need to be investigated further using molecular assays.
